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Abstract. This study compares internal and external distraction devices in the 


treatment of midface retrusion. 20 patients were treated with midface distraction (12 
Crouzon, 4 Apert, 4 others); 12 with internal distraction (MID device), 8 with 
external distraction (Red or Blue device). The two groups were compared regarding 
operation time, peroperative blood loss and complications. The groups were 
comparable regarding patient age, sex, weight and diagnosis. In the MID-group, 7 of 
12 patients (58%) underwent Le Fort III, 5 underwent 12 monobloc (32%). In the 
Blue device group, three of eight patients underwent Le Fort II (38%), three of eight 
underwent Le Fort III (38%), and two of eight underwent monobloc (25%). 
Operation time was shorter in the Blue device (mean 298 min) than in the MID 
group (mean 354 min). Peroperative blood loss and complication rates were similar. 
The internal distraction device is the ‘gold standard’ for treating midface retrusion. 
The use of an external distraction device in midface distraction osteogenesis is 
associated with a shorter operation time; peroperative blood loss and complications 
were similar. An external device affords better 3-dimensional control during the 
distraction process, so external distraction is preferable in patients who will tolerate 


this treatment. 


Treatment of the hypoplastic midface in 
syndromic craniosynostosis remains a chal- 
lenge, from a functional and an aesthetic 
point of view. Several surgical techniques 
have been developed to advance the mid- 
face, including the Le Fort II, the Le Fort III 
and monobloc osteotomies. Skeletal 
advancements using traditional surgical 
techniques were often inadequate’, necessi- 
tating numerous reoperations”'°**?, With 
the advent of craniomaxillofacial distraction 
osteogenesis’ ’, significantly larger and safer 
skeletal advancements were allowed, lead- 
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ing to several studies on midface distraction 
at the Le Fort III level? 01:20:24 and at the 
monobloc level70?18:717779°, 

The distraction apparatus can consist 
of an internalized push-screw device, as 
developed by Conen et al. in 1995° 
(Fig. 1A and B), an external halo- 
frame-based pulling device, as devel- 
oped by PorLey & Fıgurroa in 19977* 
(Fig. 1C and D), or an internal distrac- 
tion spring or coil, as developed by 
LAURITZEN et al. in 1998'*. Each system 
has its pros and cons. 
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The potential benefits of internal 
devices include: elimination of skin scar- 
ring caused by translation of transcuta- 
neous fixation pins; improved patient 
compliance during the consolidation 
phase; and improved stability of the 
attachment of the device to the bone’. 
The major drawbacks are: the need for 
precise positioning of the device, regard- 
ing alignment between the two sides and 
the angulation, which can be challenging 
in patients with numerous previous opera- 
tions and subsequent cranial thinnings or 
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Fig. 1. Clinical photo (A) and 3D CT (B) of patient with Crouzon’s syndrome undergoing Le Fort III midface distraction osteogenesis with an 
internal device. Clinical photo (C) and 3D CT (D) of patient with Crouzon’s syndrome undergoing monobloc midface distraction osteogenesis 


with an external device. 


deficiencies; the inability to alter the dis- 
traction vector during the distraction pro- 
cess; and the need for a second major 
operation to remove the device, although 
this can be overcome by using biodegrad- 
able devices’. 

The potential benefits of external 
devices include: unsurpassed three dimen- 
sional (3D) control during distraction; the 
ability to alter the distraction vector during 
the process; and the avoidance of major 
resurgery for device removal after the 
consolidation phase. The major drawbacks 
are: skin scarring caused by translation of 
transcutaneous fixation pins and/or skin 
infections around the pins'*****’; pin loos- 
ening”; the need for patient compliance 
during the consolidation phase; and intra- 
cranial pin migration, either accidental” 
or gradual" "7. 

The authors compared the clinical out- 
comes of patients who underwent midface 
distraction osteogenesis using either an 


internal or an external device in the treat- 
ment of syndromal midface retrusion. 


Patients and methods 


20 subjects with syndromal midface retru- 
sion underwent distraction osteogenesis 
between October 1999 and September 
2007, some of whom have been reported 


Table 1. Patient characteristics. 


Number 
Sex (male/female) 
Age (mean, range) 
Weight (mean, range) 
Previous CF-operations (mean, range) 
Diagnosis 
Apert (number, percent) 
Crouzon (number, percent) 
Other (number, percent) 


Abbreviations: CF, craniofacial. 


Internal device 


10.2 years, 1.4-16.8 
33.7 kg, 9.0-67.5 


previously'**'”?!. There were 9 male and 
11 female patients with a median age of 
11.3 years (range 1.4—25.0 years) (Table 1). 
Five patients had Apert’s syndrome, 12 had 
Crouzon’s syndrome and four had other 
craniofacial syndromes. 

Most patients were complex cases and 
had undergone several previous craniofa- 
cial surgeries (mean 3.2, range 0-8), 


External device 


12 8 
6/6 3/5 
14.3 years, 6.2—25.0 
40.3 kg, 14.3-60.0 


3.9, 1—8 2.0, 0—8 
2, 17% 2, 25% 
9, 75% 3, 38% 
1, 8% 3, 38% 


Midface distraction osteogenesis devices 


Table 2. Length of operation, peroperative blood loss, relative peroperative blood loss, time on 
mechanical ventilator postoperatively, time on PICU, length of postoperative use of antibiotics, 
length of hospital stay, length of midface distraction, effect of operation, and complications of 


patients treated with midface distraction. 


Number pts 
Operation type 
Monobloc 
LeFort III 
LeFort III + acute frontoorbital 
LeFort II 
Length of operation (mean, range) 
Peroperative blood loss (mean, range) 
Peroperative blood loss (mean, range) 
Time on ventilator postop. (mean, range) 
Time on PICU (mean, range) 
Length of antibiotics-use postop. (mean, range) 
Length of hospital stay (mean, range) 
Distraction distance (mean, range) 
Consolidation (mean, range) 
Complications 
Reoperation 
Local wound infection 
Subcutaneous infection 
Ostemyelitis 
CSF leak 
Pin readjustments under GA 


Internal device External device 


12 8 
5 2 
5 2 
2 l 
0 3 


354 min, 240—535 
1383 ml, 280—2700 
53 ml/kg, 8-121 


298 min, 210-420 
1388 ml, 0-4000 
40 ml/kg, 0-90 


48 h, 0-144 23 h, 0-36 
3 days, 1-7 2 days, 1—4 
13 days, 2—35 16 days, 5—53 
27 days, 16-38 27 days, 12-41 
24 mm, 15-30 19 mm, 14-28 
143 days, 88—188 118 days, 21—218 
6 pts 2 pts 
4 pts 3 pts 
1 pts 1 pts 
0 pts 0 pts 
0 pts 0 pts 
0 pts 4 pts 


Abbreviations: PICU, pediatric intensive care unit; Pts, patients; GA, general anaestesia. 


including previous monobloc osteotomy in 
one patient, Le Fort III surgery in 4 patients 
and fronto-orbital advancements in 15, as 
well as miscellaneous craniectomies (Table 
1). 12 patients had undergone shunt surgery 
for hydrocephalus (60%). 

Nine patients had mental development 
within the normal range, nine had mild 
mental retardation, and two had severe 
retardation. In the severely mentally 
retarded patients, the indications for sur- 
gery were severe exophthalmos and severe 
airway obstruction. The remaining 
patients had combinations of moderate- 
to-severe midface deficiency presenting 
as retrusion associated with Angle’s class 
III malocclusion. 

Seven patients underwent monobloc 
distraction, seven had Le Fort III distrac- 
tion only, three had Le Fort III distraction 
in combination with an acute fronto-orbi- 
tal advancement, and three had Le Fort II 
distraction (Table 2). 

The patients were operated on by the 
Norwegian craniofacial team. A Le Fort II 
(Fig. 2A), Le Fort III (Fig. 2B) or mono- 
bloc osteotomy (Fig. 2C) was performed 
in the standard fashion and craniofacial 
disjunction was undertaken. 

The distraction system used was inter- 
nal (MID system, Howmedica Leibinger, 
Inc., Rutherford, NJ, USA) in 12 patients 
(Fig. 3A). Eight patients had an external 
multi-vector distraction system, either 
Blue device (Walter Lorentz/Biomet 


Microfixation, Jacksonville, FL, USA) 
or Red (KLS-Martin, Jacksonville, FL, 
USA) (Fig. 3B). 

In those given monobloc or Le Fort I an 
internal device was used ifthe quality ofthe 
skull attachment site was of good and the 
distraction vector of the midface was hor- 
izontal. An external device was chosen 1f 
the bone of the temporal squama was 
thinned or perforated, hindering proper 
fixation of the MID system, when the dis- 
traction vector was angled downwards, and 
when there was significant asymmetry 
between the two facial halves. External 
devices only were used in LeFort II cases. 

All patients received prophylactic anti- 
biotics per- and postoperatively. To mini- 
mize postoperative swelling, two 
subcutaneous vacuum drains were used 
during the first 24 h postoperatively, as 
well as corticosteroids per- and postopera- 
tively. Topical wound care was carried out 
on the surgical sites twice daily. Distrac- 
tion commenced on the fifth postoperative 
day at a rate of 0.5 mm b.i.d. 

When using the internal distractor, the 
activation cables were removed during a 
short procedure after obtaining the 
required distraction length. With the dis- 
traction devices completely internalized, 
the patients were discharged. When using 
the external device, the patients came to 
the clinic every other week to control the 
halo. In general, five pin screws on each 
side were used. They were tightened 
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Fig. 2. The osteotomy lines: (A) Le Fort II; 
(B) Le Fort III; (C) monobloc osteotomy. 
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Fig. 3. The distraction system used: (A) internal distraction system; (B) an external multi-vector 
distraction system. 


manually without the use of a torque 
wrench. 

After a period of bony consolidation, 
the patients were readmitted and the dis- 
traction devices removed during a second 
surgical procedure, either via a second 
bicoronal procedure for the internal 
device, or removal of the intraoral attach- 
ment plate for the external device. 


Statistics 


12 patients underwent internal distraction 
and 8 external distraction. The two groups 
were compared with respect to length of 
operation, peroperative blood loss and peri- 
operative complications. Student’s t-test 
was used to compare numerical parameters 
for the two types of treatment. Fisher’s 
exact probability test was used to compare 
proportional factors for the two groups. 


Results 


The two groups were similar with respect 
to patient age (p= 0.20), sex (p = 0.58), 
types of syndrome (p=0.19), weight 
(p = 0.39), previous craniofacial surgery 
(p =0.13), and length of distraction 
(p = 0.07) (Tables 1 and 2). 

With respect to type of surgery (mono- 
bloc vs. Le Fort II vs. Le Fort HI plus acute 
fronto-orbital vs. Le Fort IT), the two groups 
were imbalanced, which could affect 
important parameters, but due to the small 
sample size, this did not reach statistical 
significance (p = 0.10) (Table 2). 

The operation time was shorter in the 
external distraction group by about 60 min, 
but this did not reach statistical significance 
(two-sided p= 0.16, one-sided p = 0.08) 
(Table 2). Peroperative blood loss was 
similar in the two groups (p = 0.99), with 
a mean of 1382 ml and 1387 ml, respec- 
tively, for the internal and the external 
distraction groups. The weight-adjusted 
blood loss was 53 ml/kg and 40 ml/kg, 
respectively (p = 0.38) (Table 2). 

There was no statistically significant 
difference between the two groups with 
respect to time on ventilator (p = 0.17), 
time in the intensive care unit (ICU) 
(p =0.15), length of antibiotic treatment 
(p =0.69), length of hospital stay 
(p = 0.76) or length of consolidation phase 
(p =0.31) (Table 2). 

The mean consolidation period was 133 
days; the range was 21—218 days. The 
patient with the very short consolidation 
period had mental retardation and extre- 
mely poor compliance to the external 
device, necessitating rigid fixation of the 
Le Fort II osteotomies after a short con- 
solidation period. One patient had a long 


consolidation period of 218 days; she was 
a young girl with Apert’s syndrome and it 
took a long time before the bone CT scan 
showed ossification of the distraction cal- 
lus. For most patients, the consolidation 
was within 133 + 20 days. 

The two groups were similar regarding 
complications (p = 0.26). Eight patients 
later underwent resurgery; one due to 
worsening of facial profile, two due to 
increasing nasal septum deviation, two 
required exploration of the MID distrac- 
tion device, one underwent a subsequent 
external distraction due to inadequate 
midface movement, one had an imminent 
skin perforation in the frontozygomatic 
suture region, and one patient had poor 
compliance during the consolidation 
phase necessitating early removal and 
rigid fixation (Table 2). In one patient 
the lacrimal sac was lacerated preopera- 
tively, epiphora developed but the condi- 
ton was self-limiting within a few 
months. 

Infections were local in seven patients 
and subcutaneous in two, both requiring 
prolonged intravenous antibiotics. None 
had osteomyelitis or cerebrospinal fluid 
leaks (Table 2). All patients experienced 
some degree of trismus during the final 
stages of distraction, but only one went on 
to need muscle stretching exercises. 

Four patients needed tightening or repo- 
sitioning of the external halo under gen- 
eral anaesthesia; one for up to seven times 
during the consolidation phase. All 


Midface distraction osteogenesis devices 


patients needed pin tightening during the 
consolidation phase. 


Discussion 


In this single-centre, retrospective study, 
20 patients with syndromal midface retru- 
sion were evaluated. 12 patients received 
an internal distraction device, and 8 
patients had an external halo frame. The 
two modes of distraction were compared 
with respect to complication rates, opera- 
tion time, blood loss, time in ICU and 
duration of hospital stay. 

The two groups were balanced regard- 
ing sex, age, aetiology, weight at opera- 
tion, and previous craniofacial surgery. 
They were treated with a Le Fort II 
(Fig. 4), a Le Fort III only, a Le Fort II 
(Fig. 5) with an acute fronto-orbital 
advancement, or a monobloc osteotomy 
(Fig. 6). 

There was no statistical significant dif- 
ference between the two groups with 
respect to complication rates, operation 
time, blood loss, time in ICU, duration 
of hospital stay, and length of distraction 
obtained. Thus, both techniques appear 
similarly safe. The functional and aes- 
thetic outcomes were similar. 

The groups differed with respect to 
osteotomy type used, although this did 
not reach _ statistical significance 


(p =0.10). Three patients in the external 
distraction group had Le Fort II osteotomy 
and none in the internal distraction group, 
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which could lower the operation time in 
the external distraction group. Therefore, a 
separate analysis was performed, after 
excluding the three Le Fort I patients. 
This led to a slight decrease in average 
operation time from 298 to 285 min, but it 
did not lead to a statistically significant 
difference between the external vs. the 
internal group (one-sided p = 0.07). 

One patient underwent resurgery due to 
worsening of her facial profile. The indi- 
cation for her surgery was severe respira- 
tory distress and she underwent a LeFort 
III procedure to overcome this. Her symp- 
toms were successfully relieved but over- 
distracted her cosmetically so her 
treatment was later supplemented with a 
fronto-orbital advancement. This was the 
authors’ first case and they learned that 
they should have opted for a monobloc 
procedure initially. Two patients had 
increasing nasal septum deviations. They 
both had internal septal deviations preo- 
peratively, but this worsened as a result of 
the soft tissue envelope pressing against 
the septum during the distraction period. 
In two patients, the authors had to explore 
the MID distraction device because of 
malfunction. Both these cases were early 
in the series and illustrate a learning curve 
regarding problem-solving about issues 
that may arise during the distraction pro- 
cess particularly when each device has 
different problems. 

Most patients experienced one or more 
of the well-known drawbacks associated 





Fig. 4. Preoperative clinical photographs and 3D CT of nonsyndromal patient undergoing Le Fort Il midface distraction osteogenesis (A). 
Postoperative clinical photographs and 3D CT of the same patient (B). 
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Fig. 5. Preoperative clinical photographs front and lateral, cephalogram, and intraoral photographs front and lateral of Crouzon patient 
undergoing Le Fort HI midface distraction osteogenesis (A). Postoperative images of same patient (B). 





Fig. 6. Pre- and postoperative clinical photographs front and lateral of Apert patient undergoing monobloc midface distraction osteogenesis. 


with the external distraction device. 38% 
had local skin infections around the cal- 
varial pins. When using the external dis- 
tractor for  midface advancements, 
especially for monoblocs, there is a poten- 
tial for disfiguring infections around the 
transfacial fixation screws that are secured 
on the forehead/supraorbital bar and on the 
infraorbital bar. 

All the patients had some degree of pin 
loosening that required tightening, and 
one had suboptimal compliance during 
the consolidation phase. About one-third 
of patients needed halo adjustments under 
general anaesthesia at some point, repre- 
senting a major disadvantage. None had 


any serious complications, such as intra- 
cranial pin migration. 

Reoperation to remove an internal dis- 
traction device is an important disadvan- 
tage. The new biodegradable plates make 
this much easier. By substituting the 
metallic fixation plates of the MID system 
with resorbable MacroPore fixation mesh, 
only the distractor screw and cable drive 
need to be removed’, facilitating this part 
of the process, however patients who have 
heavy scar tissue and/or poor bone quality 
in the malar or temporal areas after pre- 
vious surgeries are not suitable for the 
resorbable system. Patients with external 
devices also undergo a second operation 


for removal of the intraoral fixation unless 
they have a dental attachment. 

The ability to alter the vector during the 
distraction process is potentially very 
important. In the internal distraction 
group, two patients needed resurgery to 
explore the push screw after one side got 
stuck, probably due to inadequate align- 
ment of the distraction vectors on the two 
sides. It is possible that this could have 
been avoided had these patients had an 
external device. One patient in the external 
group underwent a reoperation with rigid 
fixations prematurely due to poor compli- 
ance with the external device, which could 
have been avoided with an internal device. 


This illustrates how important it can be to 
have both types of distractors as one type 
does not suit all patients. 

In conclusion, the internal distraction 
device can be considered the ‘gold stan- 
dard’ for the treatment of midface retru- 
sion. The use of an external distraction 
device in midface distraction osteogenesis 
was associated with a shorter operation 
time and the two devices were not dissim- 
ilar regarding peroperative blood loss or 
complications. An external device affords 
better 3D control during the distraction 
process, therefore external distraction 
seems to be preferable in patients who 
will tolerate this treatment. 
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